
¶VACIiFIC S3OJUT HWIES I7
FOREST & RAN7E, EXPERIMENiT~ :

-.Berke Iey, Caý i n fi a _ ________1966

Monithly Fire Behavior Pattern JN2196N- M K 1  SCi ME and CCADE

ASR From tabuzlated frmpency distrihi- Have you ever wondered
tin ffire danger indexes for a nationwide

network of 89 stations, the probabilities of how the fire weather in
four types of fire behavior ranfin1g from ynur area compares withi
'fire out" to 'critical' were calcuiae for that i n other par ts o f th eeach mwJ1A and are shown in map form.

country': Or- why in sum-
mer there are usually mnany

large f ir es in the West but relatively few in the East?. If SG, a series
of studides conducted jointly by the Forest Service and the Weather Bu-
reau and sponsored. by th e Of fic e of Civ'il Def ens e provides some
answers to your questions.

First, we h ad fire - ;.vea theL- specialists f r o mn all regions of the~
'United States identify t he weather t yp es. associated with critical fire
weather in their a r e a s. Then we tah-ulated, the frequency distributions
of 0fire danger indexes for a network of 809 stations covering the 48 con-

tiguous States.! Fire danger data were then combined to show the level
of fire danger to be expected withi each weather type. 2

Finally, we established four types of fire behavior based on the
fire danger indexes and determined t he jrobability of occurrence of
each by type, by months, for each station5

1Schroeder, M. J., et a!~. Synoptic weather types associated with critical fire weather.
Pacific SW. Forest & Range Exp. Sta. U.S. Forest Serv., Berkeley, Calif. 492 pp. 1964.
Copies of this report may be purchased from the Clearinghouse for Federel Scientific
and Technical Information, U.S. Department of Commerce, Springfield, Virginia 22151.

%Ukll, PA. K., C'D,1l, C. A4., ;_,d Scitrotider, M. J. Critical fire weather patterns--their
frequency and levels ai fire danger. Pacific SW. Forest & Pange Exp. Sta., U.S. Forest
Serv., Berkeley, Calif. 43 pp., illus. 1966. Copies of this 7-eport may be purchased
from the Clearinghouse for Federal Scientific and Technical information, U.S. Depart-

3sient of Conyroerce, Springfielri, V-rginia 22151.
Chaniler, C. C., and Schroeder, M. 1. Proba'.Ality of effer~ive pst-attack fire-fight-ingin xllans.U.S. Office of Civil Ui~eeiise Res. Rep.' 10, pp. '95 Lmi te
Jistr'ixition.)

OCD REVIEW NOTICE

This report haas been treviewed 4n the Office uf Civil Defense
and approved for publication. Apnproval does not signify that the
contents necessarily reflect the views and policies of the Otf~ce
of Civil Defense. Distribution of this document ia unlimizaed.

ontract OCD-PS-65-27--Work Un4.2S354

Forest Service - U. S. Departmient of Agr~cultui e



The four types of fire behavior are as follows:

Fire Out: Sustained ignition in natural fuels will
not occur.

No Spread: Sustained ignition will occur, but the
resulting fires will not spread beyond
the radius of initial ignition and will go
out by themselves unless the weather
becomes more favorable for combustion.

Actionable: Fires will start and spread, but their
intensity and rate of spread will be such
that successful control efforts are
possible.

Critical: Fire spread and intensity will be such
that successful control efforts are un-
likely under post-attack fire-fighting
limitations.

For this note, the probabilihy of the fire danger index falling into
each of the four types for each station and each month was calculated from
the original frequency distributions and plotted on an appropriate map
(figs. 1 - 12).4

The four types of fire behavior are mutually exclusive. Taken to-
gether they include all possible types of fire behavior. Thus, for any
given station the sum of the probabilities of the four is unity.

Isolines were drawn for intervals of 0. 1 probability to show at a
glance the areal pattern. Areas of zero pL'obability were shaded, and
areas where the probability of "Actionable" r Critical" is greater than
0.5 were hatched.

Although these maps are intended primarily for civil defense pur-
poses, they can also be useful in normal peacetime fire planning. The
seasonal changes in fire danger are clearly shown. For example, during
the winter months, portions of the Southwest have a high probability (over
0. 5) of "Actionable" conditions. During the spring, this condition spreads
to the north and east, fluctuates somewhat in the Southeast in suminer, then
ret,'eats again to the Southwest as winter approa.'-hes.

In using the probability maps it must be understood that the fire can-
ger index used is based only upon weather conditions; tuels and topography
were riot included. Sparse or heavy fuels and steep or flat terrain are

4 "hanks are due Mrs. Sara L. Breuer for calculating the probabilities and plottinig
them on maps.
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additional factors in determinjig whether- fire-fighting efforts will be
effecti-va, and must be considered. Snow on the ground was not con-
sidered directly in calculating the fire danger index. In most instances,
when the ground was snow-coverzd, the other weather elements were
such as to result in low fire danger indexes. This is not always the case,
however, and the probability of the ground being snow-covered is addi-
tional information that can be considered in fire-control plamning. Such
probability maps were published in a previous report. 5

The Authors.

MARK J. SCIMEEER; on assignment to this Station
from the U.S. Weather Bureau, is zesponsible for
fire meteorology studies, with headquarters at
the Station's Forest Fire taboratory, Riverside.
Calif. CRAIG C. CRANUM is Assistant Director.
Division of Forest Fire Research, U.S. Forest
Service, Washington, D.C.
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$,•hrooder. et a'. Op. cit.

"-3-



ca.

~~ILI

co 0:CID .2 >

IX-c

.0 -
0.-

.4 (

0 41

-4-CI



J-4-

C22

LK2f -C
cc~~~ 4"'d $

Q- 0

o a.

4jcf

.0

Vl.I0 4L
La

-- ~ ov .0

r r

-5-A



IV II

.4 
.01

p ir -- 

--

Ci-.

0 V~

kp. amj.J

Cl. ca

l4.

~ 
06ý 0

01IdŽ W

-~ 
L~~zxto

*6 -m



t WI
* 'a

- 2j

1i~ik;ii4o
CO) {~iI ~S

1A b.i .

U1 20 C3 z

1.a u:1*

ww-C

I...

a-~~a- __

oin to

rr

~ 10 q4

I ~ :OF
Or'

an i



X4 4

rj 49r 1 00, 0

m Go

~~IA

"31

60 ' 4..



I act 0 1, .

C311

caC;C

cl k l

40 a

09o. o
14 i -k b

.1'~~ 06 ao

- ~Isis

o *6

6,1

Z4I



--4-

* V
21 [4) 0~

27 t- I= 11 6.

C3 IV

V~-C I

00C/3 n-

cc Cu

toQt

"-00.

*4-I

id-

gu 4) 41 1

L6 (UI (

I- Ii

r~M~CL u.J;12; -4



nili

t., 
.

I

'J~t -A--

I- ca

LL.~ 10 ; o, C

~ -3~ $ca..-C CL.i? ' - 0

0-0-- 0
cc L 0

NZON

IM 
00
$ .
0u-

-U ILI

-~~~Q 
-VI~ --

-U. 2-



-- g

Ij.-.v~r 0 ~i
C02

Liu c

Cý. -

~c 0

_c -

*.1 0

0 B:

1, r IN

11 I

F'0 U *i

5 1 ~~' ~ * I

J ..

4 ~Co
.5 I -

-2

-~~c II \6

WI.C

~ ~ )I- CI

-al- uŽ L,.-

mCIý

-m0



c (

I-C4M

, I-

r , I0_ J -

~~> _C3 II
- SI-

co wl.~ 
'CC) ?' *'

.0U

I4,

0 0'

:16 C:. -

0.3u

NCN

I 0.0501-.

0-



06*

CIO

1 0 1.
-~ I ~~4a

1 h__5ti

L _'-, " :- -C

lott Q

*1 LJ
- C3

t~ ii>

40

- r ; I s . 6

i-i0

da -'



4 'j

K.LA .. C3.

L u

w 0a

~c C

- 0-

0-0

SC'.

0-.

C.0

If 

I

-~4 I,.L.

0. cc

- w - 14
I * CA

44r J.1

*~i#-~ jy L16it Zee
de
In UA0-



Security Classification

II DOCUMENT CONTROL DATA- R&D
(Securltv claseification of title. b'Dy of aobe?.ct and indexing annotation must be enterod when the overall report is classifiecd)

'. ORIGINATIN G ACTIVITY (Corporate author) 2•. REORT SECURITYC LASSIFICATION

LWA, 70FM S=ICZq PaCif iC 9W- Forest & Rang ________._______

Z -11it Station, 3erke , Calor'ia 2b bROUP

3. REPORT TITLE

Xntgay Fire Dhd ior Pttis

4. DESCRIPTIVE NOTES (Type of report and inclueive datea)

S. AUTHOR(S-(Last name, first name, initial)

6. REPORT DATE 7e. TOTAL NO. OF PAGES 7b. NO. OF REPS

e, CONTRACT OR GRANT No 98. ORIGINATOR'S REPORT NUMBER(S)CD Contract OCD.-P-65-.27

C. 9b. OTHER REPORT NO(S) (Any othernumbera that may be assigned
this report)

d.II

10. AVA ILABILITY/LIMITATION NOTICES

Distributio of ti &cw=t is unliaitsd.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

13. ABSTRACT Fro tabTlCted fequency distri.butions of fire danger indxes

for a nationvide *netrk af 89 stations, the probabilities of four types
of fire beay,.or raging from 'fire out' to 'eritical' vere celcu3ated for
each mnth ear are abow in map form.

FORM A''DD I 1JAN 64 73
Security Classification



se-truitý C~tassification

7 -,LINK A LINK 8 IKC
KEY WORDS

Ro.E ROLE WT ROL '..RE j T

Fine Danger Ratin~g
Fire Westber
Probablitty

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address 10. AVAIL ABILIT Y/LIMITATION NOTICES: Enter any lim-
of the contractor, subcontractor, grantee, Department of De- itations on further dissemination of the report. other than those
fense activity or other organization (cortornte author) issuing imposed by security classification, using standard statements
the report. such as:
2a. REPORT SECUNT Y CLASSIFICATION: Enter the over. (1) "Q~ualified requesters may obtain copies of this
all security classification of the repert. Indicate whether eotfmDD-
"Restricted Data" is included. Marking is to be in accord- rrotfo D.
ance with appropriate security regulations. (2) "Foreign ann~ouncement and dissemination of this

2b. GROUP: Automatic downgrading is specified in DoD Di- report by DDC is not authorized."
rective 5200. 10 and Armed Forces Industrial Manual. Enter (3) "U. S. Government agencies may obtain copies of
the group number. Also, when applicable, show that optional this report directly from DDC. Other qualified DDC
markings have been used for Group 3 and Group 4 as author- users shall request through
ized.

3. REPORT TITLE: Enter the complete report, title in all ('4) "U. S. military agencies may obtain copies of this
capital letters. Titles in all cases should be unclassified. rpr ietyfotDC te ulfe sr
If a meaningful title cannot be selected without classifica- report ireuetl fhrom D.Ote uaiid sr
tion, show title classification in all capitals in parenthesisshlreuttrog
immediately following the title._______________________

4. DESCRIPTIVE NOTES: If appropriate, enter the type of I (5) "All distribution of this report is controlled. Qual-
report, e.g., interim, progress, summary, annual, or final. ified DDC users shall request through
Give the inclusive dates when a specific reporting period is
covered.

5. AT iOR(): Eterthenam~s) f atho~s) s sowr on If the report has been furnished to the Office of Technical
S. ATAO(SyEnte th nae~s)of uthr~s)as how on Services, Department of Commerce, for male to the public. rindi-

or in the report. Enter last name, first name, middle initial. aeti atadetrtepie fkon
If military, show rank and branch of service. The name of caetifctndnerhepcifno.
the principal author is an absolute mninimum requirement. 11. SUPPLEMENTARY NOTES: Use for additional explana-

6. REPORT DATE: Enter the date of the report a% day, tory notes.
month, year; or month, year. If more than one difte appears 112. SPONSORING MILITARY ACTIVITY: Enter the name of
on terpruse daeof pulcto.the departmental project office or laboratory sponsoring (p*ay-

the epot, dte ubliatin.Ing for) zhe research and development. Include address.
7a. TOTAL NUMBER OF PAGES: The total page count
sahould follow normal pagination procedures, i.e., enter the I IAILSTRACYI Ewier dn abstract giving a brief and factuol
number of pages containing Information. sumr 4~ the di~ :imnent indicative oif the report, even though

it frav aloappear elsewhe're in the body (if the technical re-
7b. NUMBER OF REFERENCES. Enter the tota*l number of pitt If mdicltional %padia is required, ii continuation sheet
teferences cited in the report. shall lit. attac hed.

8a. CONTrRACT OR CGRANT NUMBER: If ar.. opriate, enter It i-ý hiL,hl d-,irarbl' Olbaf the- atistract (if classified TV-
the applicable number of the contract or grant under whic h he rI ul ii tIassificl. I-ach ;.arairaph (if !he batract shall
the report was written. --n %it ari ani it~f the fri-ltary security c-lassnificit ion

8b, 8c, & 8d. PROJECT NUMBER: Enitor the appropriate- I i oi'~to n the priir~raiih, ..ereiieflt- a?. ( TS). (S).
military department identification, much asi project number
subp~jrtject number, system numbers, task numher, eta-. Tb,'rt is w; lirrtatoan in the I,~ngth oft the ahstract. How-
1
.It. O)RIG'INATOR'S REPORT NIIMIIER(S): Enter the ofti- .vor the su.i I . ernvts is trim I ý0 to 22S words.

ci al report number by which the document will be a dent ified 14 KE *'s' DS,) Kr', w,,rd. ,are terihnicall'.' meianing ýul terms
and control led by the-originat ang actavat v. T'his numtte'r triu! ,t Ah~irt ,thait , h,,ro, itera~v a report arid mayv he used as
be urn queO to this report. mds 'nwriv-, i'r(ma ,it.invi'awt,# r-port. Key' word% riaita be

i~h. OTIIFR X'"PORT NUMBER(S): It the report Iiaq been ,tI e . . that ii'-ývi urtii t 1,, %iic,'ion as requjrired Wden

aissignedf any other repoirt numbern I ,., the'r by the or1igirator Sii '*ltfiOtVl I,'Af% agi~t~ otwi.~ ae Ol
(Ir bt, the spoin~s'r), alIso enter thit, ntkmtier( a). L,tr in tsý - a i t be , til v \%ii r i.4 1, aOl idtti, iat aim use e h ical

-ntt-xl rtw.,.~.~net ' !wks., rule's. ýind wcia~h's in


